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[57] ABSTRACT 

A bus termination scheme that minimizes signal reflec- 


tion and that minimizes the effect of the number of 
devices coupled to the bus. In this invention, a resistor 
is provided between a signal driver and the transmission 
bus. In addition, a resistance is provided between the 
bus and each receiving means. The driver resistor re- 
duces the effective capacitance of the transmission line 
as well as effectively source terminating the line. The 
receiver resistor reduces effective capacitance and 
damps signal reflections. Thus, the performance of the 
bus is increased by minimizing the effects of the number 
of drivers and receivers on the bus. In addition, the 
drivers can be lower powered than prior art drivers 
because no static and a reduced dynamic load is pres- 
ented to the driver. Finally, the resistors do not dissi- 
pate power continuously but only when a transmitter 
changes the bus state or potential, further enhancing 
low power operation. The present invention also pro- 
vides a method for providing a clock signal from any 
signal source coupled to the bus. In a data transfer trans- 
action, the present invention utilizes a protocol that 
permits the transfer of two data words with only a 
single acknowledgement so that the data rate is decou- 
pled from the control signal rate. This permits data to be 
transmitted at a double word rate even though control 
signals are provided at a lower rate. 


20 Claims, 7 Drawing Sheets 
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fleeted again at the source, resulting in a plurality of 
METHOD AND APPARATUS FOR CLOCK AND reflected signals on the bus. The amplitudes of these 

DATA DELIVERY ON A BUS reflected signals decay with time until they are no 


BACKGROUND OF THE PRESENT INVENTION 5 

1. Field of the Invention 

This invention relates to the field of communication 
paths, such as a bus, in a computer system, and the 
transmission of clock and/or data signals on a bus. 

2. Background Art 10 

A computer system consists of a number of modules 

or components. Computer systems typically include a 
central processing unit (CPU) such as a microprocessor. 
The microprocessor is a program controlled device that 
obtains, decodes and executes instructions. A computer 15 
system also includes program storage components for 
storing program instructions, and data storage compo- 
nents for storing data. These storage components may 
be read only memory (ROM), random access memory 
(RAM), disk or tape storage, or any other suitable stor- 20 
age means. 

A computer system also includes input/output (I/O) 
components for connecting external devices to the mi- 
croprocessor. Special purpose components, such as 
memory management units or co-processors, may also 25 
be part of the computer system. 

The various components of a computer system are 
linked by a communication path referred to as a “bus”. 
The bus is a communication path (such as a set of con- 
ductors) used to transfer information such as instruc- 30 
tions, data, addresses or control signals between the 
components of a computer system. The components 
coupled to the bus can both place a signal onto the bus 
(signal source) or receive a signal from the bus (signal 
receiver). 35 

In operation, a signal source, also known as a 
“driver”, asserts a signal on the bus by varying the 
potential of the bus. The signal source drives the poten- 
tial on the bus to some predetermined level (high state) 
and/or pulls the bus to a ground level (low state). Either 40 
state of the bus can represent digital information such as 
logical ‘Ts” or “0’s”. The signal generated by the 
driver travels on the bus until it reaches an intended 
receiver. The receiver, by detecting the state of the bus, 
receives the information transmitted on the bus. 45 

The performance of the bus, and therefore the perfor- 
mance of the computer system associated with the bus, 
depends on the “delay time” of signals generated on the 
bus. The delay time of a signal is a combination of the 
“propagation delay” (the time it takes a signal to go 50 
from the active driver to the furthest end of the bus) and 
“reflection delay” (the time it takes for any signal re- 
flections to fall below a threshold level, permitting the 
bus to be driven with a new signal). 

For an ideal bus, propagation delay depends only on 55 
bus length and the characteristic impedance associated 
with the bus. In reality, however, propagation delay 
depends on the number of devices coupled to the bus. 
Each device coupled to the bus has an associated para- 
sitic capacitance. The effect of this parasitic capacitance 60 
is to increase the propagation delay time, lowering bus 
performance. The more devices coupled to the bus, the 
greater the effects of the parasitic capacitance and the 
lower the bus performance. 

Reflection delay is also a limiting factor in bus perfor- 65 
mance. When a signal is driven onto a bus, it travels the 
length of the bus and is reflected back along the bus 
toward the source. This reflected signal may be re- 


longer detectable. The time it takes a reflected signal to 
decrease below a predetermined level is known as the 
settling time or reflection delay. 

BUS TERMINATION 

FIG. 1A illustrates signal sources and receivers cou- 
pled to a bus 10. A signal source, also known as a 
“driver” 11, is coupled to the bus 10 at point A. One or 
more signal receiving devices, also known as “loads”, 
12 and 13, are coupled to the bus 10 at point B. When 
the driver 11 places a signal on the bus (that is, drives 
the bus to a predetermined potential), the signal is trans- 
mitted from the driver 11 to one or more of the loads 12 
and 13. The signal transmitted from point A to point B 
is reflected back from point B toward point A. This 
reflected signal is itself reflected back toward point B. 

The bus 10 is shown symbolically as a single commu- 
nications path linking various elements of a computer 
system. However, in actuality, the bus 10 may be com- 
prised of three different paths, namely a data bus, ad- 
dress bus and control bus. The data bus is used to trans- 
fer data. There are usually as many lines on the data bus 
as the basic word length of the processor. For example, 
for an 8-bit microprocessor, there are eight data lines. 
The address bus is used to transfer memory addresses 
(to select a memory device) or device numbers (to se- 
lect an I/O port). The control bus is used to communi- 
cate and transmit system-wide control and timing sig- 
nals to synchronize the operation of the separate and 
different modules of the computer system. Alterna- 
tively, two or more paths can be shared. For example, 
the address and data information can share a single 
multiplexed path. 

FIG. 4A illustrates a signal profile at two points of 
the bus of FIG. 1A, points A and B. Point A is the 
location nearest the signal source and point B is the 
endpoint of the bus. At both points A and B, there are 
a multitude of reflections 15 which widen the signal 
profile, increasing the time it takes the signal to return 
to zero or to a level at which the bus may be reused. 
This decreases bus performance and slows operation of 
the bus. The reflections of FIG. 4A add to the settling 
time of a signal transmitted on the bus 10. The settling 
time correspondingly increases the delay time and low- 
ers bus performance. These reflections can be mini- 
mized or eliminated by “terminating” the bus to damp 
the reflections. 

In the prior art, there are two principal methods of 
terminating a bus or a signal delivery line; namely ser- 
ies-source termination and parallel termination. Series- 
source termination is illustrated in FIG. IB. A signal 
source, also known as a “driver” 11 is coupled to a bus 
10 at point A. A resistor R1 is coupled between the 
driver 11 and the bus 10 at point B. The resistor R1 has 
a value designed to match the characteristic impedance 
of the bus 10. When the driver 11 places a signal on the 
bus, (that is, drives the bus to a predetermined poten- 
tial), the signal is transmitted from the driver 11 to one 
or more of the loads 12 and 13. The signal is then re- 
flected back along the length of the bus toward this 
signal source, driver 11. The resistor R1 absorbs and 
dissipates the signal after this first reflection, eliminating 
further reflected signals on the bus 10. 
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In a source termination scheme, there is a large reflec- 
tion at the source end of the bus, and smaller reflections 
in the middle of the bus. The signal at the end of the bus 
generally contains no reflections. 

Referring now to FIG. 4B, the signal profile for a bus 
using series source termination is illustrated. Referring 
to FIG. IB, point A is the point at which the driver is 
coupled to the bus and point B is the endpoint of the bus 
where the signal is received. There are reflections 16 at 
point A. These reflections add a delay of 2T to the 
signal where T is the propagation delay of the signal. At 
point B, there are no reflections in the signal. 

Source termination has a total delay time of two times 
the propagation delay. This is because the signal is sub- 
ject to the propagation delay from source to load and 
the reflected signal also takes the entire propagation 
delay time to travel from the load back to the source. 

A disadvantage of such a prior art series source termi- 
nation scheme is that the method is limited to point to 
point communication. The signal is only valid at the 
endpoint of the bus. The signal at bus locations located 
between the sending and receiving devices is subject to 
large reflections and may not be valid. 

A prior art parallel termination scheme is illustrated 
in FIG. 2. The bus 10 is terminated at ends B and C with 
parallel resistors R2 and R3, and R4 and R5, respec- 
tively. (In an alternate embodiment, the driver 11 can be 
located at one end of the bus 10 so that only the opposite 
end is terminated.) The driver 11 is located at point A 
between the ends B and C of the bus 10 . The value of 
the resistance at each end of the bus 10 is selected to 
match the characteristic impedance of the bus. A signal 
generated at point A is absorbed and dissipated at points 
B and C, eliminating reflections. 

In a parallel termination scheme, there are no signal 
reflections but the load presented by the resistors must 
be driven at all times, requiring a large power output. In 
low power designs, such as CMOS, such continuous 
output is undesired. 

An example of another prior art termination scheme 
is illustrated in Davidson, et al., U.S. Pat. No. 4,015,147. 
Davidson is directed to a low power transmission line 
terminator that uses diodes connected in series at a 
common node with a transmission line. The diodes are 
reverse biased into a high impedance state by an applied 
source voltage. When the transmission line is driven by 
a voltage within a certain range, the diode provides an 
infinite impedance. When the voltage driving the line is 
outside this range, the impedance of the series diodes 
drops to prevent unwanted reflections. The device of 
Davidson is a termination scheme that provides a vari- 
able termination resistance using non-linear impedances 
(i.e., diodes). 

Another prior art termination scheme is described in 
Stewart, U.S. Pat. No. 4,748,426. Stewart is an active 
termination scheme using switched resistors coupled to 
a transmission cable so that variable resistor combina- 
tions can be defined. This allows appropriate termina- 
tion for various combinations of driving devices to be 
implemented. 

Anantha, U.S. Pat. No. 4,228,369, describes a parallel 
termination scheme. The terminating resistor of Anan- 
tha is a variable resistor that is controlled by making the 
resistance of the terminating resistor proportional to a 
reference voltage. The device of Anantha is designed to 
provide precisely measured termination resistance by 
use of a voltage dependent resistor. 
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CLOCK DELIVERY 

Another critical factor in computer system perfor- 
mance is the system clock. In a data transmission 
5 scheme, data is transmitted on a bus from a sending 
device to a receiving device. A clock signal is provided 
to the sending device and the receiving device so that 
the data can be recovered. A clock is required to define 
data recovery windows and for matching the data rate. 
10 The clock is a constant frequency timing source pro- 
vided to all components that are coupled to the bus. 
When a signal source transmits information to a signal 
receiver, known as a data strobe signal (DSTB), the 
signal receiver “latches” the information when it re- 
15 ceives a clock signal. In operation the clock signal is 
applied after the information has been placed on the bus 
and enough time has passed for the information to reach 
a stable or valid state. 

In the prior art, this clock signal is provided from a 
20 single source in the computer system. Such a central 
clock scheme is limited by the propagation delay of 
components coupled to the bus. Skew adjustment to 
compensate for propagation delay of devices coupled to 
the bus must be designed in advance resulting in unde- 
25 sired compromises. 

An example of a prior art centralized clock scheme is 
illustrated in FIG. 5. A centralized clock signal 20 is 
provided to a data source 22 and a data receiver 23. The 
data source 22 outputs data onto data bus 21 to be pro- 
30 vided to receiver 23. When the clock signal 20 is pro- 
vided to the data source 22, there is a delay, T source 
associated with transmitting the clock through the data 
source. There is a propagation delay, T prop of the clock 
signal between the data source 22 and the receiver 23 
35 and a setup delay, T setup associated with the receiver 23. 
The total delay when transmitting a signal is equal to 
(Tsource+2Tprop+T S eiup)- Typical values of each delay 
period are 30 nanoseconds for T source, 5 nanoseconds for 
Tp m p and 5 nanoseconds for T. setup- Thus, a total delay of 
40 approximately 45 nanoseconds is to be expected in prior 
art, central clock schemes. 

In addition, centralized clocking requires high 
power, which cannot be implemented in low power 
systems. Control signals in a central clocking scheme 
45 are delivered at the same clock rate as data signals. It 
would be advantageous to provide a scheme in which 
the control signal rate is independent of the data signal 
rate. 

50 FLOW CONTROL 

Efficient operation of a bus requires “arbitration” and 
“flow control”. Arbitration is a system to control bus 
access to prevent collisions of signals from different 
sources. The purpose of flow control is to insure that 
55 either a transmitter and/or receiver can regulate the 
data transmission rate. 

Arbitration is a process used to determine which 
component may “acquire” the bus, that is, use the bus 
during any particular time period. A bus, being a single 
60 communications path, can only accept communication 
from one device at a time. If two devices attempt to use 
the bus at the same time, that is, place a signal on the bus 
at the same time, a “collision” occurs, preventing com- 
munication. An arbitration scheme can prevent such 
65 collisions by limiting access to the bus to one device at 
a time. Arbitration schemes may be request and grant 
schemes, whereby a device wishing to communicate on 
the bus requests permission to use the bus from a con- 
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trailer. If a permission is granted, that device may trans- 
mit on the bus. In other schemes, each device is preas- 
signed particular times during which time that device 
“owns” the bus. That is, if the device wishes to transmit 
during that time period, it may, but need not. These 
schemes are known as time division multiplexing or 
TDM schemes. 

A device which has been granted control over the 
bus is considered a “master” device. Such a master 
device may be a signal source or signal receiver, de- 
pending on whether it wishes to transmit data or receive 
data. The master device issues a command to a “slave” 
device. A slave device is another component coupled to 
the bus which is not the current master of the bus, 

Flow control in a computer system is dependent on 
the type of communication scheme utilized by the sys- 
tem. Flow control is based on a handshake signal, in 
which an acknowledge signal (ACK), is generated by 
an addressed slave component in response to a read or 
write command from a master component. In a read 
operation, when the addressed component has obtained 
the appropriate data and placed it on the bus, it asserts 
an ACK signal to indicate to the master that the slave 
has completed its operation, when the addressed slave 
has accepted data from the data bus, the slave device 
asserts the ACK signal to indicate to the master that the 
slave has completed its operation. 

A typical communications sequence in a computer 
system is as follows: 1 _ 

1. Bus Master Addresses Slave Device 
Place address on an address bus 
Assert read or write command 

For a write: place data on data bus 
Issue any other status signals 
Slave Accept or Issue Data 
Decode address 

For a read: place data on data bus 
For a write: accept data from data bus 
Assert transfer acknowledge (ACK) 

2. Master Acquires Data or Terminates Transfer 
For a read: latch data 

For a write: remove data from data bus 
Negate read or write command 
Remove address from address bus 

4. Slave Terminates Cycle 

Negate transfer acknowledge (ACK) 

For a read: remove data from data bus 

5. Start Next Cycle 

The above example illustrates a communications se- 
quence on a bus having separate data and address paths. 
The sequence has equal application to a system with a 
multiplexed data/address path. 

As noted previously, a bus may have separate data 
lines and control lines. In the prior art, the data and 
control signals are delivered from a master to slave at 
the same rate. Therefore, the data rate is limited by the 
rate at which control signals can be sent. In addition, 
the prior art scheme of a master device holding the bus 
until an acknowledge signal is received results in ineffi- 
cient use of the bus. 

One prior art attempt to decouple the data rate from 
the control signal rate is known as a “packet scheme.” 
In a packet scheme, information is implemented by 
sending requests and replies in separate packets. A 
packet is variable in length. A master device sends a 
request packet to a slave device and then relinquishes 
control of the bus. The master does not wait for an 
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ACK signal. Subsequently, when the slave device is 
ready to reply, it places a reply packet on the bus. 

None of the prior art bus systems provide solutions to 
the problems of bus termination, low power operation, 
invalid signals, delay caused by centralized clock deliv- 
ery or delay caused by control signal and data signal 
flow control problems. 

Therefore, it is an object of the present invention to 
provide a method and apparatus for eliminating reflec- 
tions on a signal delivery bus. 

It is another object of the present invention to pro- 
vide a method and apparatus for minimizing the propa- 
gation delay regardless of the number of devices cou- 
pled to a signal delivery bus. 

It is yet another object of the present invention to 
provide a method and apparatus for providing a bus that 
minimizes or eliminates propagation delay in data trans- 
missions. 

It is still another object of the present invention to 
provide a method and apparatus for providing a bus in 
which control signal delivery is independent of data 
signal delivery. 

SUMMARY OF THE INVENTION 

A bus termination scheme that minimizes signal re- 
flection and that minimizes the effect of the number of 
devices coupled to the bus is described. In this inven- 
tion, a resistor is provided between a signal driver and 
the transmission bus. In addition, a resistance is pro- 
vided between the bus and each receiving means. The 
driver resistor reduces the effective capacitance of the 
transmission line as well as effectively source terminat- . 
ing the line. The receiver resistor reduces effective 
capacitance and damps signal reflections. Thus, the 
performance of the bus is increased by minimizing the 
effects of the number of drivers and receivers on the 
bus. In addition, the drivers can be lower powered than 
prior art drivers because no static and reduced dynamic 
load is presented to the driver. Finally, the resistors do 
not dissipate power continuously but only when a trans- 
mitter changes the bus state or potentials, further en- 
hancing low power operation. 

The present invention also provides a method for 
providing a clock signal from any signal source coupled 
to the bus. In a data transfer transaction, the present 
invention utilizes a protocol that permits the transfer of 
two data words with only a single acknowledgement so 
that the data rate is decoupled from the control signal 
rate. This permits data to be transmitted at a double 
word rate even though control signals are provided at a 
lower rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a circuit diagram of a prior art bus system. 

FIG. IB is a circuit diagram of a prior art series 
source termination scheme. 

FIG. 2 is a circuit diagram of a prior art parallel 
termination scheme. 

FIG. 3 is a circuit diagram of the distributed termina- 
tion scheme of the present invention. 

FIG. 4A is a timing diagram illustrating the effects of 
signal reflection on a transmitted signal. 

FIG. 4B is a timing diagram illustrating the effects of 
signal reflection on a transmitted signal in a source 
termination scheme. 

FIG. 4C is a timing diagram illustrating the transmit- 
ted signal of the present invention on a bus using the 
distributed termination scheme of the present invention. 
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FIG. 5 is a circuit diagram of a prior art central clock 
scheme. 

FIG. 6 is a circuit diagram of the present source clock 
scheme. 

FIG. 7 is a timing diagram illustrating the burst data 5 
transfer protocol of the present invention in a first case. 

FIG. 8 is a timing diagram illustrating the burst data 
transfer protocol of the present invention in a second 
case. 

FIG. 9 is a timing diagram illustrating the central 10 
clocking scheme of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A method and apparatus for data and clock delivery 15 
is described. In the following description, numerous 
specific details, such as number of bus devices, clock 
rates, etc., are set forth in detail in order to provide a 
more thorough description of this invention. It will be 
apparent, however, to one skilled in the art, that the 20 
present invention may be practiced without these spe- 
cific details. In other instances, well known features 
have not been described in detail so as not to obscure 
the present invention. 

The present invention is a method and apparatus for 25 
providing a low power bus system. The bus system 
architecture results in reduced propagation delay and 
reflection delay of signals transmitted on the bus, uses a 
source delivered clocking scheme to reduce the effects 
of propagation delay on data transactions and decou- 30 
pled data flow from control signal flow for burst trans- 
actions. 

BUS TERMINATION 

A circuit diagram of the preferred embodiment of this 35 
invention is illustrated in FIG. 3. A source resistor R6 is 
coupled between the driver 11 and the bus 10 at point 
A. The source resistor increases the output impedance 
of the driver 11 to match the impedance of the bus 10. 
Each receiver, such as receivers 12, 13 and 14, has an 40 
associated resistor R7-R9, respectively. Each receiving 
device 12-14 has an associated capacitance C1-C3, 
respectively. This capacitance may be due to the para- 
sitic capacitance of the bus 10 or may be an installed 
capacitor. 45 

The configuration of FIG. 3 improves bus perfor- 
mance by reducing the total delay time. The receiving 
resistors R7-R9 in conjunction with the parasitic load 
capacitor or installed capacitance C1-C3, smooth the 
small reflection remaining on the bus 10. In addition, the 50 
series source resistor R6 terminates any reflection of the 
signal. Propagation delay time is reduced because the 
parasitic capacitance normally associated with adding 
devices to a bus is eliminated. Therefore, propagation 
delay due to the number of devices coupled to the bus 55 
is minimized. 

A timing diagram illustrating the signal profile on bus 
10 of FIG. 3 is illustrated in FIG. 4C. Several signal 
profiles are shown, the signal profile at point A where 
the driver 11 is coupled to the bus 10, the signal profile 60 
at point B where receiver 12 is coupled to bus 10, the 
signal profile at point C where receiver 14 is coupled to 
bus 10 and the signal profile at point E, between the 
resistor R8 and the receiver 13. At point A, there is a 
small reflection 17. There are no reflections at points B 65 
and C, resulting in a smooth signal profile. 

At point E, the capacitance C2, in conjunction with 
resistor R8, damps the reflection 17 so that it appears as 
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a smoother transition occurring later in time at point 18. 
The reflection 17 has a negatively sloped portion result- 
ing in a temporary reduction in magnitude of the signal. 
At point E, this negatively sloped portion is flattened 
out so that there is no magnitude reduction. This results 
in a more accurate detection of signals at the receiving 
device. The signals at point D and F are similarly flat- 
tened out and occur later in time than the signal at point 
E. 

Because the capacitance of the loads is isolated, the 
transmission of the signal may be accomplished with 
minimal delay between destinations on the bus. This 
feature allows a clock to be provided from any location 
on the bus. This is opposed to prior art systems in which 
the clock is generated from a single source to minimize 
variables in transmission. 

The terminating resistors of the scheme of FIG. 3 do 
not present a static or dynamic resistive load to the 
driver. Therefore, low power drivers can be used with 
this invention. Because the capacitance of the loads is 
isolated from the bus, signal transmission can be accom- 
plished with a minimum of delay and correspondingly a 
minimum of skew. 

Although the present invention has been described in 
terms of resistors, any suitable impedance means can be 
utilized. In addition, the impedance means may be a 
discrete resistor, an integrated resistor, the naturally 
occurring resistance or impedance of the sending or 
receiving devices, or a designed in impedance of the 
sending or receiving device. 

CLOCK DELIVERY 

The present invention provides an architecture that 
permits clocking signals, such as data strobe (DSTB), to 
be provided by the data source. This eliminates effects 
of spatial skew because both the information and sam- 
pling signal come from the same source. 

The present invention uses a source clocking scheme 
illustrated in FIG. 6. A device that is sending data also 
provides a clock signal to the receiving device. Refer- 
ring to FIG. 6, the clock signal 20 is provided to a 
flip-flop 22 in the signal source 41. The flip-flop 22 
stores the data to be placed on the bus for transfer to a 
receiving device 42. The clock signal 20 is coupled to 
amplifier 24 and a copy of the clock signal 26 is pro- 
vided to the data receiver on DSTB line 26. This clock 
copy is referred to as a “DSTB” (data strobe) signal in 
the present invention. The data receiver 42 includes a 
flip-flop 23. Flip-flop 23 captures the data placed onto 
the bus by the sending device 41 when the clock signal 
enables it to latch the data bus signal. Data is provided 
from the data source to the receiver on data bus 21. The 
source of data provides the clocking signal with the 
data regardless of whether that device is the current 
master device on the bus or whether it is the slave de- 
vice. 

In the source clocking scheme of FIG. 6, there are a 
number of timing values associated with various paths. 
T sourceD is the delay associated with transmitting the 
clock signal through the source flipflop 22. T sourc eC is 
the delay associated with transmitting the clock signal 
through the amplifier (line driver) 24. T s kew is the abso- 
lute difference between T sourceD and TsourceC- TpropD is 
the propagation delay on the data bus between the 
source 41 and the receiver flipflop 42. T prop c is the 
propagation delay of the clock signal between the am- 
plifier 24 and the receiver amplifier 25. T receive is the 
delay between the receiver amplifier 25 and the receiver 
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flipflop 23. When the data source flipflop 22 and ampli- 
fier 24 are implemented on a single integrated circuit, 

T s kew can be made very small, on the order of a few 
percent of the propagation delay. The propagation 
delay is on the order of 30 nanoseconds so if the skew is, 5 
for example, five percent of the propagation delay, 
T s feH> is approximately 1.5 nanoseconds. In this inven- 
tion, the data strobe signal, DSTB 26 is inverted, giving 
a designed in one-half clock of setup and hold. The 
setup one-half clock is approximately equal to (T s «. 10 
tup — r Tskew J r2.'~FpropD — T receive}- For a Tseiup on the order 
of 5 nanoseconds, a T s fe w of 1.5 nanoseconds, T pr0 pD of 
5 nanoseconds and T receive of 5 nanoseconds, the setup 
one-half clock value is approximately 1 1.5 nanoseconds. 

The hold one-half clock value is given by Thold+T- 15 
skew+T receive- For a T hold value of 5 nanoseconds, the 
hold one-half value is approximately 11.5 nanoseconds. 
This gives a repetition rate of approximately 23 nano- 
seconds, half the rate of the prior art device. 

A timing diagram illustrating the relationship be- 20 
tween the clock, data and DSTB signals during data 
transmission is illustrated in FIG. 9. The BUSCLK 
signal 20 is shared by all devices on the bus and is used 
by a data source to generate DSTB 26, There is a skew 
32 between the rising edges of BUSCLK 20 and DSTB 25 
26. This skew is a factor in the delay time of a data 
transaction and can be controlled by integrating devices 
into a single integrated circuit. A control signal MCLK 
30 is used to provide timing for control signals and 
single word transfers. 

The data signal 21 provided by the data source in a 
bus transaction is driven on the rising edge of BUSCLK 
20. The data is sampled at the data receiver on the rising 
edge of DSTB 26. The data aperture 31 must then be 
valid around the rising edge of DSTB 26. 

FLOW CONTROL 

The present invention provides a flow control proto- 
col that allows data to be transferred at twice the rate at 
which control signals can be -transferred. This inven- 40 
tion proposes a protocol that allows the transfer of 
multiple data words (burst mode) with only a single 
acknowledgement. The following example illustrates 
the flow control scheme of this invention where two 
data words are transmitted with a single acknowledge- 45 
ment. The invention is not limited to two word transac- 
tions, and a single acknowledge can be used for the 
transmission of any number of words. 

FIG. 7 is a timing diagram illustrating the control 
signals of the protocol of the invention. The “source 50 
signal ready” 35 is a signal provided by the device send- 
ing data to indicate the status of that device. The data 
source may be the master or slave, depending if the 
operation is a read or write operation. The “sink signal 
ready” 36 is provided by the device receiving data to 55 
indicate its status. Again, either a master and a slave can 
be a receiving device, depending on the nature of the 
operation being performed. 

Referring to FIG. 6, the source device 41 asserts the 
source ready line by providing a signal through line 60 
driver 27. The receiving device 42 asserts the sink ready 
line 36 through line driver 28. 

The source device holds the source signal “high” to 
indicate that the source device is able to transfer data at 
burst mode speed. If the sink signal is low when the 65 
source signal is high, data is transferred at normal, non- 
burst speed. If the sink signal is high when the source 
signal is high, this indicates the data sink device can 
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receive the current data word and take another word 
immediately thereafter. This permits the source device 
to transmit at a double rate. As long as the sink and 
source signals are high, the source device can transmit 
at a double rate. Thus, a single acknowledge is used for 
the transfer of two data words. This allows data to be 
transferred at twice the rate at which control signals 
source ready and sink ready are transmitted. A burst 
mode acknowledge occurs when both the sink signal 
and source signal lines are asserted. 

Read Burst Transaction 

In a read transaction using the protocol of this inven- 
tion, the master device is the data receiver or data sink, 
and the slave device is the data source. The master 
device places the slave address on the address bus and 
asserts the sink signal ready line to indicate that it can 
receive multiple data words. 

The slave device samples the address bus and, after 
the master has stopped driving the address lines, the 
slave places data onto the data bus and asserts the 
source signal ready line to indicate that it can transfer 
multiple data words. The slave also generates the 
DSTB signal 26 from BUSCLK 20 and provides it to 
the master. 

After the last two data words of the burst transaction 
are sent, the slave de-asserts the source ready signal, 
asserts the DSTB signal and asserts ACK. The master 
samples the ACK line and releases the bus to the next 
30 master, (which may be the same device). 

Write Burst Transaction 

In a write transaction the master is the signal source 
and the slave is the signal sink. The master places the 
35 slave address on the address bus and, after the slave has 
sampled the address bus, places data onto the data bus 
and generates the DSTB signal. 

The master asserts the source signal ready line to 
indicate that it can transfer multiple data words. The 
slave asserts sink signal ready to indicate that it can 
receive multiple words. The master sends data as long 
as the sink signal ready is asserted or until it has only 
two data words to send. The master then stops sending 
data and DSTB. The slave de-asserts sink signal ready 
and asserts ACK. 

Alternatively, as illustrated in FIG. 8, the data sink 
may be able to receive two data words but the data 
source may not be ready to send two data words. In this 
case, the receiving device holds the sink signal high as 
long as it is prepared to receive two data words. When 
the source signal is also high, two data words can be 
transferred. 

The flow control scheme of this invention permits 
multiple data words to be transferred using a single 
acknowledge. The source signal ready and sink signal 
ready lines are independent of master/slave status. 

The read burst and write burst examples contemplate 
a multiplexed address/data bus. However, this inven- 
tion is not limited to such a configuration but has equal 
application to any bus configuration. 

The present invention is not limited to data transfers 
when both source ready and sink ready lines are as- 
serted. Other suitable protocols may be implemented 
where data is transmitted when either of the source 
ready or sink ready signals is asserted. 

Thus, a method and apparatus for clock and data 
delivery has been described. 

I claim: 
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1. A circuit comprising: 

a bus; 

at least one transmitting device coupled to said bus 
for providing a signal on said bus; 

at least one receiving device coupled to said bus for 5 
receiving said signal on said bus; 

first impedance means coupled between said transmit- 
ting device and said bus for providing series termi- 
nation of said transmitting device; 

second impedance means coupled between said re- 10 
ceiving device and said bus for isolating said re- 
ceiving device from said bus, said second impe- 
dance means reducing an effective load capaci- 
tance associated with said receiving device, and 
wherein said second impedance means is resistive. 

2. The circuit of claim 1 wherein said effective load 
capacitance comprises capacitive means coupled at a 
first node between said second impedance means and 
said receiving device and at a second node to ground. 2Q 

3. The circuit of claim 2 wherein said capacitive 
means comprises a parasitic capacitance associated with 
said receiving device. 

4. The circuit of claim 2 wherein said capacitive 

means comprises a capacitor. 25 

5. The circuit of claim 1 wherein said first impedance 
means has an impedance approximately equal to a char- 
acteristic impedance of said transmission line. 

6. The circuit of claim 1 wherein said first and second 

impedance means each comprise a discrete resistor. 30 

7. The circuit of claim 1 wherein said first and second 
impedance means each comprise an integrated resistor. 

8. The circuit of claim 1 wherein said first impedance 

means comprises a designed in resistance of said trans- 
mitting device. 35 

9. The circuit of claim 1 wherein said first impedance 
means comprises an inherent resistance of said transmit- 
ting device. 

10. The circuit of claim 1 wherein said second impe- 
dance means comprises a designed in resistance of said 40 
receiving device. 

11. The circuit of claim 1 wherein said second impe- 
dance means comprises an inherent resistance of said 
receiving device. 
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12. A circuit comprising: 

a first transmission line for transmitting data signals; 

a second transmission line for providing a clock sig- 
nal 

at least one transmitting device coupled to said first 
transmission line and said second transmission line, 
said transmitting device for providing said data 
signals on said first transmission line; 

said transmitting device further including amplifying 
means coupled to said second transmission line for 
receiving said clock signal and for providing a 
copy of said clock signal as output on a third trans- 
mission line; 

at least one receiving device coupled to said first 
transmission line and to said third transmission line 
for receiving said data signals on said first transmis- 
sion line and for receiving said copy of said clock 
signal on said third transmission line. 

13. The circuit of claim 12 further including first 
impedance means coupled between said transmitting 
device and said first transmission line for providing 
series termination of said transmitting device. 

14. The circuit of claim 13 further including second 
impedance means coupled between said receiving de- 
vice and said first transmission line for damping signal 
reflections on said first transmission line. 

15. The circuit of claim 14 wherein said first and 
second impedance means each comprise a resistor. 

16. The circuit of claim 14 wherein said first and 
second impedance means each comprise an integrated 
resistor. 

17. The circuit of claim 13 wherein said first impe- 
dance means comprises a designed in resistance of said 
transmitting device. 

18. The circuit of claim 13 wherein said first impe- 
dance means comprises an inherent resistance of said 
transmitting device. 

19. The circuit of claim 14 wherein said second impe- 
dance means comprises a designed in resistance of said 
receiving device. 

20. The circuit of claim 14 wherein said second impe- 
dance means comprises an inherent resistance of said 
receiving device. 

***** 
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